To evaluate the improvement in myocardial oxygen delivery following saphenous vein graft surgery (SVG) for angina pectoris (AP), 46 In this study, we examine the changes in maximum exercise performance in patients who have undergone SVG, to define objectively changes attributable to surgery. Forty-six patients underwent a multistage treadmill test of maximal exercise capacity7-10 before and 3-22 months after SVG.
X autografts from the ascending aorta to the coronary arteries claim symptomatic relief from angina pectoris (AP) in patients with severe coronary atherosclerotic disease.1-4 At present, the principle indication for surgery is chronic disabling AP. Although surgery has been claimed to cause symptomatic improvement in most patients and has been shown to cause hemodynamic improvement in some selected cases,4-6 there have been few studies that use objective end points to assess improvement in a series of patients.
If saphenous vein graft surgery (SVG) does indeed improve myocardial oxygen delivery and relieves angina, then patients limited by angina preoperatively should demonstrate improved exercise performance postoperatively. In addition, the improvement in exercise performance should correlate with the disappearance of ischemic S-T segment changes in the exercise electrocardiogram and should correlate with graft patency.
In this study, we examine the changes in maximum exercise performance in patients who have undergone SVG, to define objectively changes attributable to surgery. Forty-six patients underwent a multistage treadmill test of maximal exercise capacity7-10 before and 3-22 months after SVG. Variables from exercise stress testing, including 
Results

Clinical Profile
When asked, 39 of the 46 patients (85%) felt they had improved symptomatically, while six felt no different, and one felt worse than before surgery. Seventeen are now rated NYHA class I, and 21 are class II ( fig. 1 ). Eighty-three percent improved at least one classification, and 30 (65%) reported complete relief from their angina pectoris ( fig. 2) .
Twenty-six of the 46 had had a myocardial infarction prior to surgery. Seven patients (15%) developed a myocardial infarction between the time of surgery and discharge from the hospital. Three of the infarctions occurred among the group who had had a prior myocardial infarction ( fig. 2) .
Three patients had symptoms of congestive heart failure preoperatively, which were not changed by surgery, and two additional patients developed congestive heart failure. Three patients had murmurs and angiographic evidence of mitral regurgitation; these were unchanged by surgery ( fig. 2 ).
Changes in Exercise Performance
All but two patients had preoperative exercise stress tests. The two who did not were New York Heart Association class IV and were unable to start exercise without precipitating angina. All 46 had postoperative treadmill stress testing.
Highly significant improvement was noted in the group as a whole (table 1) . Functional aerobic impairment improved by 16% from a preoperative mean of 50% to a postoperative mean of 34%, P < 0.001. Maximum pressure-rate product/100 also showed a significant improvement of 36 units P < 0.002 ( fig. 3 ). Postoperatively, there were 13 patients with normal FAI and 18 with only mild impairment, as opposed to three and 11 respectively, preoperatively. Twelve of these with normal or mild aerobic impairment postoperatively had been in the group with severe functional aerobic impairment before surgery. FAI improved a significant amount in 29 (59%) patients ( fig. 4) .
Evaluation of S-T segment changes induced by exercise on the treadmill showed that 32 (73%) had S-T segment depression of 0.1 mv or more before surgery; only 12 retained it after surgery. One patient who did not have S-T segment depression preoperatively developed it after surgery with an improved test. He did not have an intraoperative infarction and angiographically one graft was patent and one occluded. Six subjects were on Figure 6 Changes in the limiting symptoms with exercise after saphenous vein graft surgery.
patent graft. There were 33 patent grafts and 18 occluded grafts, for a graft patency rate of 66%. The 17 patients with all patent grafts had a highly significant improvement in FAI, with a mean improvement of 20% (P <0.0007). Maximum pressure-rate product/ 100 improved by mean of 51 (P < 0.003). Maximum heart rate similarly improved. Of these 17 patients, 11 (65%) had an improvement in FAI of more than 13%, while six had no significant change. Of these six, one patient's FAI was nornal prior to surgery, one had a severely depressed ejection fraction of 28% preoperatively, and four had a myocardial infarction in the intraoperative period. In spite of patent grafts, no significant changes were noted in maximum systolic pressure or in the hemodynamic variables of leftventricular end-diastolic pressure, systolic ejection fraction, or cardiac index.
In the seven subjects who had at least one patent graft and at least one occluded graft, no mean significant changes were noted in any of the exercise hemodynamic variables. Only two patients in the series showed significant deterioration in FAI. These were referred to earlier as having both occluded grafts and intraoperative myocardial infarction.
Systolic Ejection Fraction
Patients with preoperative impairment of ventricular function did not show significant improvement in exercise performance. Thirty-three patients had preoperative angiograms which were satisfactory for assessment of systolic ejection fraction. In 24 patients, SEF was > 50% and in nine it was < 50%. Those whose ejection fraction was normal preoperatively had a mean improvement in FAI of 18% (P < 0.001) and maximum pressure-rate product/100 improved by a mean of 39 (P < 0.0001), P and a similar improvement in maximum heart rate ( fig. 8 ). Other variables did not change significantly.
The nine patients with abnormal ejection fractions as a group had no significant improvement in exercise performance or in hemodynamic variables. Two patients had improvement in their ejection fractions, one from 28 to 47% with all grafts patent, and one from 43 to 51% with two of three grafts patent. Nevertheless, neither had a significant improvement in FAI. Three of the nine patients had a significant improvement in FAI, one of whom had no change in ejection fraction, and two in whom the postoperative ejection fraction is unknown. SEF decreased in 10 patients, of whom three, all with patent grafts, showed improved FAI. Six, four of whom had patent grafts, had no change in FAI. One of the four with patent grafts had an intraoperative myocardial infarction. Thus changes in postoperative ventricular function had little relationship to changes in postoperative exercise performance.
Contraction Pattern
Normal contractile patterns were associated with greater exercise improvement. Thirty-two patients had matched pre-and postoperative contraction plots available. Of these, 22 remained the same, seven deteriorated, and three improved ( fig. 9 ). These changes could not be attributed to differences in time of follow-up, 8 months for those deteriorating, and 9 months for those improved.
Five of seven with deterioration of contraction plot had an intraoperative myocardial infarction. Analysis of maximal exercise test results takes into consideration several variables related to cardiovascular function. Maximal oxygen consumption (V 2max ) is the product of maximal heart rate, stroke volume, and arteriovenous difference in oxygen content. As FAI is derived from the relationship between predicted and estimated Vo2max in a given patient9 it will be altered by changes in the components of V02max. Improvement in myocardial blood flow by SVG should be demonstrable in alterations in maximum HR and maximum SV. Certainly heart rate is improved, but observations from this laboratory (Lapin ES, Murray JA, Bruce RA, Winterscheid L: Unpublished data) suggest that SV is unchanged and arteriovenous difference widens.
The maximum pressure-rate product, a major determinant of myocardial oxygen consumption, increased in the presence of patent grafts and improved performance while evidence of myocardial ischemia, angina, and S-T segment depression diminished, suggesting functional effectiveness of Circulation, Volume XLVII, June 1973 the additional myocardial blood flow. Fifty-nine per cent of these patients showed significant improvement in their FAI and pressure-rate product, and a higher percentage lost their S-T segment depression and lost their anginal pain ( fig. 10) In spite of an increase in exercise performance in our patients, there were no postoperative changes in LVEDP, cardiac index, contraction pattern, and ejection fraction. This may not be an unexpected finding, since angina pectoris is an exertional syndrome and resting values are normal or only mildly abnormal in most patients. Those patients whose hemodynamic values were abnormal failed to demonstrate improvement in either the hemodynamic or exercise variables. It has been shown by others18 that patients with congestive heart failure fail to improve with SVG. Indeed, the more severe the pump failure as manifested by widened A-Vo2 difference and depressed ejection fraction, the higher the operative mortality.19 Therefore, SVG surgery appears to offer little to those patients with poor ventricular performance.
Age appeared to be no contraindication to surgery although we did not offer surgery to anyone over the age of 65. Those over the mean age of 51 years preoperatively improved as much as did our younger patients.
The complication rate among survivors is significant. Fifteen per cent (seven) had myocardial infarctions during their hospitalization. Other groups report 8-11% in larger series.20 This does not necessarily correlate with graft patency. Of those studied, three had all grafts occluded and two had all patent; three of these subjects had significant progression of exercise limitation. Our late graft closure rate of 33% is similar to that of other authors reporting 32% in a group of 88 patients21 and 22-27% in a group of 317 patients. 22 The question of undergrafting as it affects our results is relevant. Grafts were anastomosed in each patient to patent distal coronary arteries 1 mm in diameter and larger. Multiple grafts to the same vessel were not done, and no patient had more than three grafts. Perhaps a more aggressive approach with more than three grafts and multiple grafts into the same vessel would have improved our results.
Multistage maximal treadmill testing before and after surgery has demonstrated objective data that aortocoronary vein bypass grafting can improve functional capacity and that it is correlated with 
